The genus Bosea was first described by Das et al. (1996) and its description was emended by La ; at the time of writing, it comprises five species, Bosea eneae (La , B. massiliensis (La Scola et al., 2003) , B. minatitlanensis (Ouattara et al., 2003) , B. thiooxidans (Das et al., 1996) and B. vestrisii (La Scola et al., 2003) . Strains representing these five species were isolated from hospital water supplies, anaerobic digester sludge and agricultural soil.
During a study of root-nodule endophytic bacteria in indigenous legumes in Flanders (Belgium), five isolates (LMG 26379 T , LMG 26380, LMG 26381 T , LMG 26382 and LMG 26383 T ; Table 1 ) were recovered from yeast mannitol agar (YMA) medium (Vincent, 1970) at 28 uC, producing slowly growing (0.5-2 mm diameter after 5 days), white, smooth, round and convex colonies with entire margins. The strains have been deposited in the BCCM/LMG bacteria collection (http://www.belspo.be/bccm) and the CCUG (Culture Collection, University of Göteborg, Sweden; http://www.ccug.se). In a previous study, the strains were analysed using rep-PCR fingerprinting, which revealed three different rep-PCR types delineated at 80 % correlation (De Meyer et al., 2011) . One representative of each cluster (LMG 26379 T , LMG 26381 T and LMG 26383 T ) was taken and analysed further using a polyphasic approach. All strains were subcultured on LMG medium 115 (BCCM/LMG catalogue culture media; http://bccm. belspo.be/db/media_search_form.php) at 28 u C for 48 h, which allowed better growth. On this medium, our isolates were able to grow at 25-33 u C. Growth at 28 u C, although slower, was also observed on R2A agar medium (BD Difco), TSA (tryptone soya agar; Oxoid) and Columbia blood agar (Oxoid) after 48 h. Only LMG 26381
T was positive for growth in NB (nutrient broth; BBL), and no strain showed growth in NB plus 6 % NaCl.
For PCR, genomic DNA of all isolates was prepared using the alkaline lysis method as described by Baele et al. (2000) . Nearly full-length amplicons for the 16S rRNA gene were obtained for our strains using the primers and conditions described previously by Vancanneyt et al. (2004) . The resulting 16S rRNA gene sequences were aligned using ARB (Ludwig et al., 2004) and were added to the alignment of the SILVA SSURef version 106 ARB database (Pruesse et al., 2007) . A phylogenetic tree was reconstructed using the MEGA 5 software package with the maximum-likelihood method and the general time reversible model (Tamura et al., 2011) . Bootstrap analysis with 1000 replicate datasets was performed to assess support for the clusters. Our strains formed novel branches within the genus Bosea cluster ( Fig. 1 ) and they shared sequence similarities between 97.6 and 99.6 % with all recognized Bosea species, between 92.1 and 93.1 % with Methylobacterium species and between 91.7 and 93.3 % with Microvirga and Salinarimonas species. Sequencing of the housekeeping genes atpD (458 bp), dnaK (232 bp), gyrB (728 bp), recA (284 bp) and rpoB (1415 bp) was performed on the novel strains and the type strains of named Bosea species (Table S1 , available in IJSEM Online), according to Martens et al. (2007 Martens et al. ( , 2008 . The resulting gene sequences were aligned using MEGA 5 (Tamura et al., 2011) and phylogenetic trees were reconstructed using the maximum-likelihood method, with the general time reversible model. Bootstrap analysis with 1000 replicates was performed to assess support for the clusters. The sequence similarity between the different Bosea type strains ranged from 88 to 95 % for the atpD gene, 79 to 94 % for dnaK, 88 to 95 % for gyrB, 76 to 97 % for recA and 88 to 97 % for rpoB (Table S1 ). Each of these genes thus presented lower interspecies similarity than the 16S rRNA gene. The similarity for the rpoB gene confirmed the results reported previously by Khamis et al. (2003) . The phylogenetic tree based on the concatenated sequences of the five housekeeping genes (Fig. 2) revealed a monophyletic Bosea cluster with high bootstrap value (100 %). Within this cluster, our strains were present as separate branches, clearly demonstrating that they represent three novel species within the genus Bosea. The nodA, nodC and nifH genes were studied to assess the nodulation and nitrogen-fixation capacity of the strains. The primers and protocols used to amplify and sequence these genes were described previously by Haukka et al. (1998) and De Meyer et al. (2011) . We failed to amplify the nodA and nodC genes from our isolates, even with optimized nodC primers as described previously by De Meyer et al. (2011) . For the nifH PCR, amplification products were obtained; however, sequencing showed them to be non-specific. It therefore seems that these isolates are probably not real rhizobia but rather opportunistic nodule occupants. However, nodulation tests should be performed to assess this further.
The results of phenotypic and biochemical tests are given in the species descriptions and in Table 2 . Cell morphology and motility were observed by phase-contrast microscopy. Oxidase activity was detected by immersion of cells in 1 % N,N,N9,N9-tetramethylparaphenylene diamine solution and catalase activity was determined by flooding a colony with 10 % H 2 O 2 and checking for the presence of bubbles. Other biochemical tests were performed by inoculating API 20NE strips (bioMérieux) according to the manufacturer's instructions and incubating for 7 days at 28 u C. Growth and haemolysis were tested at 28 u C on R2A, TSA, NB, NB with 6 % NaCl and Columbia agar with 7 % sheep blood. Growth on LMG medium 115 was tested at 25, 28, 33, 37 and 42 u C. Antibiotic susceptibility tests were performed on IsoSensitest agar medium (Oxoid) using the antibiotic Sensidisc dispenser system (Oxoid) with bio-discs (Oxoid) containing penicillin (10 IU), amoxicillin (25 mg) and doxycycline (30 mg). The strains were grown on LMG medium 115 for 2 days prior to testing. The plates were incubated at 28 u C and read between days 2 and 5. The strains analysed in this study were resistant to penicillin and amoxicillin and sensitive to doxycycline, in line with the genus description of Bosea (La .
Whole-cell fatty acid composition was analysed for the three novel strains and fatty acid methyl esters were R. pseudoacacia root nodule Belgium extracted according to the MIDI protocol (http://www. microbialid.com/PDF/TechNote_101.pdf) with the exceptions that the growth medium (LMG medium 115) and incubation time (3 days) were changed. All other characteristics such as temperature and physiological age (overlap area of the second and third quadrant from a quadrant streak) were maintained as in the MIDI protocol. The profiles were generated using an Agilent Technologies 6890N gas chromatograph and identified and clustered using the Microbial Identification System software and MIDI TSBA database version 5.0. Fatty acid profiles are listed in Table 3 . The most abundant fatty acid for LMG 26379 T , LMG 26381 T and LMG 26383 T was C 18 : 1 v7c (40.82-54.20 %), which supports their placement in the Alphaproteobacteria and in the genus Bosea. Moderate amounts of C 19 : 0 cyclo v8c (9.12-16.66 %), C 17 : 0 cyclo (7.82-12.71 %), C 16 : 0 (3.41-12.64 %), C 16 : 0 3-OH (3.91-4.11 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 4.95-7.35 %) were present, and trace amounts of 10-methyl C 19 : 0 (2.4321.12 %), C 13 : 1 v1 (,1 %) and C 18 : 0 (,1 %) were detected. Additionally, differences were noticeable between our strains and the Bosea type strains (Table 3) .
For DNA-DNA hybridization and for the determination of DNA G+C content, high-quality DNA was prepared by the method of Wilson (1987) with minor modifications (Cleenwerck et al., 2002) . DNA-DNA hybridizations were performed using a microplate method and biotinylated probe DNA (Ezaki et al., 1989) . The hybridization temperature was 51±1 u C. Reciprocal reactions (A6B and B6A) were performed for each DNA pair and their variation was within the limits of this method (Goris et al., 1998) . A summary of the hybridization values is given in Table S2 . The values presented are means of at least three replicates. The DNA-DNA relatedness between our strains ranged from 24 to 43 % and hybridization with the type strains of Bosea species was 18-56 %. The DNA G+C content was determined by HPLC according to the method of Mesbah et al. (1989) using a Waters Breeze HPLC system and XBridge Shield RP18 column thermostabilized at 37 u C. The solvent was 0.02 M NH 4 H 2 PO 4 (pH 4.0) with 1.5 % (v/v) acetonitrile. Non-methylated lambda phage (Sigma) and Escherichia coli DNA were used as calibration reference and control, respectively. The DNA G+C contents of strains LMG 26379 T , LMG 26383 T and LMG 26381 T were respectively 66.4, 66.9 and 65.0 mol% (Table 2) , which is within the range reported for Bosea (65-69 mol%) (Das et al., 1996; La Scola et al., 2003; Ouattara et al., 2003) .
The genotypic and phenotypic data presented in this study demonstrate that the strains isolated from root nodules of legumes in Flanders represent three novel species in the genus Bosea. Therefore, we propose to classify the strains as Table S3 . Does not reduce nitrate to nitrite and does not assimilate D-mannitol, N-acetylglucosamine, maltose or phenylacetate.
Resistant to penicillin and amoxicillin and sensitive to doxycycline. The whole-cell fatty acid profile of the type strain is given in Table 3 . The DNA G+C content of the type strain is 66.9 mol%.
The type strain, LMG 26383 T (5CCUG 61248 T 5R-45681 T ), was isolated from root nodules of Lupinus polyphyllus in Flanders (Belgium).
Description of Bosea lathyri sp. nov.
Bosea lathyri (la.thy9ri. N.L. gen. n. lathyri of Lathyrus, botanical name of a genus of leguminous plants, referring to the host from which this species was first isolated).
Cells are rod-shaped and motile (approx. 0.6-0.861.2-2.0 mm). Gram-negative, catalase-and oxidase-positive. Colonies are white, smooth, round, 1.5-2.0 mm in diameter and convex with entire margins on YMA medium. Growth occurs on LMG medium 155 at 25, 28 and 33 uC but not at 42 u C. Growth is visible in NB at 28 u C. Positive reactions are recorded for nitrate reduction, urease and b-glucosidase activity and assimilation of potassium gluconate and malate. Assimilation of D-mannose, adipate and trisodium citrate is weakly positive. Does not assimilate D-glucose, L-arabinose, D-mannitol, N-acetylglucosamine, maltose or phenylacetate. Resistant to penicillin and amoxicillin and sensitive to doxycycline. The whole-cell fatty acid profile of the type strain is given in Table 3 . The DNA G+C content of the type strain is 66.4 mol%.
The type strain, LMG 26379 T (5CCUG 61247 T 5R-46060 T ), was isolated from root nodules of Lathyrus latifolius in Flanders (Belgium).
Description of Bosea robiniae sp. nov.
Bosea robiniae (ro.bi9ni.ae. N.L. gen. n. robiniae of Robinia, botanical name of a genus of leguminous plants, referring to the host from which this species was first isolated).
Cells are rod-shaped and motile (approx. 0.861.1-1.4 mm). Gram-negative, catalase-and oxidase-positive. Colonies are white, smooth, round, 1.0-1.5 mm diameter and convex with entire margins on YMA medium. Growth occurs on LMG medium 155 at 25, 28 and 33 u C but not at 42 u C. Weak growth is visible in NB at 28 u C. Positive reactions are recorded for nitrate reduction, b-glucosidase activity and assimilation of phenylacetate. Assimilation of potassium gluconate shows weakly positive results. Negative reactions are recorded for urease activity and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, adipate, malate and trisodium citrate. Resistant to penicillin and amoxicillin and sensitive to doxycycline. The whole-cell fatty acid profile of the type strain is given in Table 3 . The DNA G+C content of the type strain is 65.0 mol%. Description of three novel Bosea species
